By the methods of X-ray diffraction, metallography, TEM, SEM and mechanical testing for compression, the influence of heat-treatment condition on the structure and properties of Ti-bL)y-5Si-Sn alloys was studied. High dispersity and stability of the microstructure were observed, predetermining a high level of mechanical properties. Annealing by the regime 1350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h + 1100°C, 32 h was shown to provide optimum combination of high-temperature strength and roomtemperature plasticity.
INTRODUCTION
Titanium alloys are important materials of the modern techniques, due to their preferable combination of high specific strength, plasticity and corrosion resistance. The main problem of high-temperature titanium alloys is the relatively low upper limit of the working temperatures, which is about 600°C for the best alloys. This is related to the α<->β transformation (at 882°C in pure titanium) resulting in acceleration of diffusion and, in turn, creep in the vicinity of this temperature. Decrease of creep lies in increasing this temperature by the addition of α-stabilizers of Ti together with dispersion and (or) composite (eutectic) strengthening /1-4/.
In 151 we proposed a new approach for elaboration of high-temperature titanium materials achieved in annealed alloys. Here a two-level strengthening is achieved, due to two-phase matrix (<Ti>+<Ti 3 Sn) and precipitates of two intermetallic phases (<Ti 5 Si 3 > + <Dy 5 Sn 3 >). Both matrix and precipitate strengthening are organized by the phases of either relative or the same crystal structure, respectively.
The optimum combination of high temperature strength and room-temperature plasticity was observed for the alloys Ti-5Dy-5Si-Sn with 10 and 15 at. % Sn annealed at 1300°C for 31 h: σ 02 = 511-529 MPa (at 800°C); δ = -13 % (at 20°C). Such a level of mechanical properties was explained by appropriate phase composition and high dispersity of the structure. Thus, phase composition of the best alloys was: β* 1 + <Ti 3 Sn> + <Dy 5 Sn 3 > + <Ti 5 Si 3 > and ß* + <Dy 5 Sn 3 > + <Ti 5 Si 3 >, respectively. The goal of the present research was to study the influence of heat-treatment conditions on phase composition, microstructure and mechanical properties of Ti-5Dy-5Si-Sn alloys, mainly with optimum tin content (10-15 at. %).
EXPERIMENTAL
The purity of the starting materials was Ti 99.85%, Dy 99.76 %, Si 99.999% and Sn 99.9995%. The alloys were melted in an arc-furnace with unconsumable tungsten electrode on a water-cooled copper hearth in
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an Ar atmosphere purified by a Ti-melt. To achieve homogeneity, the buttons were turned over and remelted three times.
The alloys were annealed step-by-step in the temperature interval 1350-1100°C. Annealing was performed in puritied argon atmosphere. Zr-chips were used as a getter.
The annealed alloys were studied by X-ray diffraction, metallography, transmission electron microscopy (TEM), scanning electron microscopy (SEM). Mechanical properties were determined in compression tests at 20 and 800°C.
X-ray diffraction was performed for cross-section 
RESULTS AND DISCUSSION
For optimization of the heat-treatment the alloys of the same composition as studied by us in /5/ were annealed according to the scheme: 1350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h + 1100°C, 32 h. Phase composition, microstructure and mechanical properties of the samples were investigated after each stage of annealing. Phase composition of the alloys of optimum and near-optimum chemical composition (5 to 25 at. % Sn) is stable in the temperature interval studied, as shown in Table 1 .
Microstructure of the best alloys (10-20 at. % Sn) is shown in Fig. 1 . As one can see, the matrix phase in the alloys with 10 at. % Sn is <Ti>, while in the alloys with 15 and 20 at. % Sn these are <Ti> + <Ti 3 Sn>. In the alloy with 15 at. % relative amount of the two phase is similar, in the alloys with 20 at. % Sn <Ti 3 Sn> is the dominant phase. For all the samples precipitates of two intermetallics <Ti 3 Sn> + <Dy 5 Sn 3 > are observed.
Microstructure of the alloys once annealed at 1300°C for 31 h (Fig. 1 a to c) is much finer than that after annealing at 1350°C for 31.5 h (Fig. 1 d to f) . For instants, the size of the particles of <Dy 5 Sn 3 > and <Ti 5 Si 3 > after annealing at 1300°C is about 3 time lower than that after annealing at 1350°C. This can be accounted for by the closer solidus temperature in the second case and, thus, acceleration of diffusion.
On the contrary, step-by-step annealing by the regime 1350°C, 31.5 h + 1250°C, 32 h+ 1200°C, 32 h + 1100°C, 32 h only insignificantly increase the size of intermetallic particles of Ti 5 Si 3 and Dy 5 Sn 3 ( Fig. 1 g to  p) . Taking into account the high temperature and duration of the annealing performed, we can state high dispersity and stability of the microstructure unchanged in exploitation conditions, predetermining high level of Fig. 1 : Microstructure of Ti-Dy-Si-Sn alloys: (a) 80Ti-5Dy-5Si-10Sn, ann. 1300°C, 31 h; x400; (b) 75Ti-5Dy-5Si-15Sn, ann. 1300°C, 31 h; x400; (c) 70Ti-5Dy-5Si-20Sn, ann. I300°C, 31 h; x400; (d) 80Ti-5Dy-5Si-10Sn, ann. 1350°C, 31.5 h; x400; (e) 75Ti-5Dy-5Si-15Sn, ann. 1350°C, 31.5 h; x400; (0 70Ti-5Dy-5Si-2üSn, ann. 1350°C, 31.5 h; x400; (g) 80Ti-5Dy-5Si-10Sn, ann. 1350°C, 31.5 h + 1250°C, 32 h; x400; (h) 75Ti-5Dy-5Si-15Sn, 1350°C, 31.5 h + 1250°C, 32 h; x400; (i) 70Ti-5Dy-5Si-20Sn, 1350°C, 31.5 h + 1250°C, 32 h; x400; (k) 80Ti-5Dy-5Si-1 OSn, 1350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h; χ400; (1) 75Ti-5Dy-5Si-l5Sn, !350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h; x400; (m) 70Ti-5Dy-5Si-20Sn, 1350°C ,31.5 h + I250°C, 32 h + 1200°C, 32 h; x400; (n) 80Ti-5Dy-5Si-10Sn, 1350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h + 1100°C, 32 h: x400; (o) 75Ti-5Dy-5Si-15Sn, 1350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h + 1100°C, 32 h; χ4()0; (ρ) 70Ti-5Dy-5Si-20Sn, 1350°C, 31.5 h + 1250°C, 32 h + 1200°C, 32 h + 1100°C, 32 h; x400. All arc scanning electron micrographs in Bach Scattered Electron mode. Mechanical properties lor compression at 20 and 800°C of heat-treated samples are shown in Table 2 and at. % Sn, where the matrix <Ti 3 Sn> is absent?
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To answer this question transmission electron microscopy was used for careful structure investigation of individual phases. TEM photos of <Ti>, <Ti 3 Sn> and <Ti 5 Si.,> in the 80Ti-5Dy-5Si-10Sn and 75Ti-5Dy-5Si-l5Sn alloys finally annealed at 1200°C is shown in Fig.   3 , together their diffraction patterns. The TEM photos demonstrate very fine α-Ti grains in both samples, ~2 μπι ( Fig. 3 a, c) , thin nails of Ti 3 Sn in the alloy with 15
at. % Sn (Fig. 3 e) and layered structure of Ti 5 Sij in the alloy with 10 at. % Sn (Fig. g ).
Thus, high mechanical properties of the alloy with 10 at. % Sn might occur due to fine structure of the matrix-titanium. This results in the same level of reinforcement as that by two phase <Ti> + <Ti 3 Sn> matrix in the alloy with 15 at. % Sn. x29000; (b) diffraction of <Ti> in the 80Ti-5Dy-5Si-10Sn alloy; (c) <Ti> in the 75Ti-5Dy-5Si-15Sn alloy; x29000; (d) diffraction of <Ti> in the 75Ti-5Dy-5Si-15Sn alloy; (e) <Ti 3 Sn> in the 75Ti-5Dy-5Si-15Sn alloy; χ 19000; (0 diffraction of <Ti 3 Sn> in the 75Ti-5Dy-5Si-15Sn alloy; (g) <Ti 5 Si,> in the 80Ti-5Dy-5Si-10Sn
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alloy; x48000; (h) diffraction of <Ti 5 Si,> in the 80Ti-5Dy-5Si-10Sn alloy.
